ABSTRACT. Caffeine contents of 45 green coffee bean samples collected from coffee plants grown at different altitudes in Southwest Ethiopia was determined by UV-Vis spectrophotometry. The caffeine contents were found in the range of 0.62 -1.2% (w/w). A moderate negative correlation (R = 0.5463) was found between the caffeine contents of green coffee beans and the altitudes at which the coffee plants were grown. The caffeine contents of 9 of the green coffee bean samples analyzed by high performance liquid chromatography (HPLC) provided comparable results in the range of 0.60−1.1% (w/w). Statistical analysis of data (t-test) indicated absence of significant differences between the caffeine contents obtained by the two methods. Nonetheless, HPLC method is precise, accurate and reliable in determining caffeine content in green coffee bean samples while the UV-Vis spectrophotometry is simple, rapid, precise and more economical.
INTRODUCTION
The name coffee is derived from the name of the province Kaffa where shepherds from Abyssinia/Ethiopia discovered the coffee beans in the 6th century [1, 2] . Since then, coffee has become one of the most widely consumed beverages throughout the world, due to its pleasant taste, aroma, stimulant effect and health benefits [3, 4] .
Coffee is a rich source of alkaloids such as caffeine, trigonelline, theobromine, theophylline and their profile in green coffee beans is important and helpful to know the quality of coffee brew [4, 5] . The stimulant effect of coffee makes it one of the most popular beverages in the world is due to the presence of caffeine (1,3,7-trimethylxanthine) . Although more than eighty coffee species have been identified worldwide [5] , only two coffee species: Coffea arabica (known as Arabica coffee) and Coffea canephora (popularly named as Robusta coffee) are economically important. Arabica and Robusta coffees are different in their chemical composition including their caffeine level [5] .
Arabica coffee is considered to be a higher quality bean, prized for its complex aroma [6] and is usually the most expensive one in the world market. Arabica coffee is grown in about 80 tropical and sub-tropical countries. The majority of these countries supply the product to world market. Ethiopia is among these countries which heavily depend on coffee exports for foreign exchange earnings. About 40% of its export is coffee [7] . The Coffea arabica strain is Ethiopia's original coffee plant and the only one still grown in the country. Ethiopia occupies a unique place in the world with an impressive selection of Arabica coffee varieties with distinct flavor profiles. These varieties have diverse tastes, depending on their geographical origin. Factors including genetic properties, altitude, climate and soil type may have been contributed 14 to the unique characteristics of each variety. Consequently there is a price differential for Ethiopian coffees that is determined, among others, by their region of origin [8] .
These factors are believed to influence coffees' characteristics: caffeine content, flavor or aroma [9] . Specially, the altitude at which coffee is grown plays a major role in determining the quality of the green coffee bean, because there is less oxygen, coffee plants grown at higher altitudes take longer time to mature than plants grown at lower altitudes. This allows the flavors to develop more fully and produces beans that are delicate and flavorful [10] . High altitudes grown coffee beans usually have a high density than low altitudes grown coffee beans. Recently Brazilian researchers after screening 300 Ethiopian coffee plants discovered three naturally decaffeinated varieties, which they named AC1, AC2 and AC3. Analysis of these varieties showed they contain less than 0.07% caffeine compared to the caffeine found in natural coffee beans [4] .
Determination of concentrations of caffeine in green coffee beans is important for the coffee industry as these compounds determine the flavor and ultimately, the quality of the final coffee beverage. Firstly, the caffeine is associated with the bitterness of the coffee. Secondly, the consumption of coffee and the constituent caffeine have been associated with several physiological effects. Stimulation of the central nervous system, acute elevation of blood pressure, gastrointestinal noncompliance and diuresis has been ascribed to the consumption of caffeine. Some studies have also indicated a significant correlation between high caffeine intake from coffee and the risk of spontaneous abortion. Caffeine has been reported to have some health benefits, such as the prevention of type 2 diabetes mellitus by impairing glucose tolerance, decreasing insulin sensitivity and increasing energy expenditure and weight loss. Some studies have also associated caffeine intake with the prevention of Parkinson's disease [8] . The caffeine level in green coffee beans generally ranges from 0.6−3% (w/w) where the highest amount is reported in the Robusta variety. According to studies, the caffeine content of coffee is unaffected by the roasting process, where it imparts its characteristic bitter taste in the final beverage. These studies suggests that, although the roasting process occurs well above the sublimation temperature of caffeine, during it only a small percentage of caffeine vanishes, which is overbalanced by the organic weight loss to maintain the percentage of caffeine per dry weight of coffee nearly constant [8] .
Many analytical methods have been developed for the quality control of products containing caffeine: liquid chromatography-particle beam/electron ionization mass spectrophotometry [11] , liquid chromatography-tandem mass spectrometry [12] , near infrared spectroscopy [13] , near infra-red reflectance spectroscopy [14] , gas chromatography [15] and fluorescence polarization immunoassays [16] .
The caffeine level in coffee samples is determined by various analytical methods. Quantitative determination of caffeine in large number of samples needs an accurate and rapid method. The complete extraction of caffeine from test samples and removal of interfering substances varies from method to method. Therefore, choosing the right analytical method is essential for the accurate determination of caffeine in test samples. There have been numerous reports on the determination of caffeine in coffee samples following different analytical methods: gas chromatography [15, 17, 18] , electrochemical methods such as voltammetry [19] , and spectroscopic techniques including nuclear magnetic resonance spectroscopy [20] , near infrared [21] , high performance liquid chromatography [5, 8, 22, 23] , UV-Vis spectroscopy [4, 7, 24, 25] and fluorescence spectroscopy [26] . However, there are only limited reports available on the comparative study of caffeine determination by different analytical methods for a given set of samples [5, 23] . Therefore, the aim of the present study is comparative determination of caffeine level in green coffee bean samples from Southwest Ethiopia by UV-Vis spectrophotometry and high performance liquid chromatography and to determine the correlation between caffeine contents of green coffee beans and altitudes at which the coffee plants grew.
EXPERIMENTAL

Chemicals
Dichloromethane (Aldrich, Germany), Na 2 SO 4 (Sigma-Aldrich, UK), standard caffeine (Merck J.T. Baker Chemical Company, USA), theobromine (Sigma-Aldrich, Italy), trigonelline hydrochloride (Sigma-Aldrich, Switzerland) and theophylline (Sigma-Aldrich, Switzerland) were used as received. HPLC grade acetonitrile and formic acid were supplied by SigmaAldrich (Johannesburg, South Africa) and lead acetate from (BDH Chemicals, Poole, England). Distilled water was used throughout the study.
Instruments and apparatus
The laboratory apparatus and instrument used in this study are the following: 300 μm sieve (Chicago, ILL 60656 USA), shaker (KS125 basic, Germany), centrifuge (Janetzki, model T32c, Olympus, Japan) and Electronic balance (SP 1500, USA). Absorption spectra were obtained using a double-beam spectrophotometer (Lambda 950-UV-Vis-NIR, PerkinElmer, UK) interfaced with a computer using 2 nm resolution in a 1 cm path length quartz cell. High performance liquid chromatograph (HPLC) (Agilent 1260 Infinity, Germany) coupled to a diode array detector (DAD) was also used for caffeine determination.
Green coffee bean samples
Green coffee bean samples were collected from Southwest region of Ethiopia grown at different altitudes. A total of 45 green coffee bean samples were collected from the coffee plant grown at high (˃1850 m), medium (1650-1850 m) and low (1144-1650 m) altitudes from different places. From each site 300 g of green coffee sample were collected. All of the green coffee bean samples were obtained from ripe coffee cherries processed either by washing or sun drying techniques, depending on the practices in areas from where samples were collected. All the samples were from the same harvest season and were collected throughout April 2016. All the samples were stored separately in plastic bags under airtight conditions and transported to the laboratory for chemical analysis.
Preparation of standard solution for UV-Vis spectrophotometry
Caffeine stock solution (1000 mg/L) was prepared by dissolving 100 mg of pure caffeine in 100 mL of dichloromethane and prepared intermediate solution (500 mg/L) in 50 mL of volumetric flask. Then, by taking 1, 2, 4, 6, 8 and 10 mg/L caffeine working solutions in to six 25 mL volumetric flasks calibration solutions were prepared. The absorption spectra of the solutions were recorded in the wavelength range 200-500 nm. These procedures were repeated three times for the same concentrations then the mean value was taken. Finally, from the absorbance, the molar decadic absorption coefficients (ɛ) of caffeine in dichloromethane were obtained.
Calibration curve of caffeine in dichloromethane for UV-Vis spectrophotometry
The molar decadic absorption coefficient of caffeine in dichloromethane was obtained by measuring the intensity of the absorption of a series of concentration of caffeine in dichloromethane. Caffeine concentration of (0.0052−0.0515 mol/m 3 ) was measured at 275 nm using UV-Vis spectrophotometer. Then the absorbance versus concentration graph was constructed to validate the UV-Vis absorption of caffeine in terms of linearity, sensitivity, precision and for calibration purpose to determine the caffeine content of various coffee samples. From the calibration curve, the calibration equation obtained was: y = 9.8411x + 0.0024, R 2 = 0.9997, where y is absorbance, x is concentration of caffeine and R is the linear regression coefficient. This equation indicated that the present study was carried out according to the Beer's law ranges in terms of linearity, sensitivity and precision of the method. Thus, the proposed method allowed for determination of caffeine in coffee samples. The calibration curve was observed for a wide concentration range, which is convenient for the determination of caffeine in coffee beans. The molar decadic absorption coefficient of caffeine in dichloromethane were calculated based on the Beer Lambert's law and obtained value of 1000 m 2 mol -1 at the maximum absorption wavelength, 275 nm.
Coffee sample preparation for UV-Vis analysis
The extraction of caffeine from green coffee bean samples in to water was carried out by the reported method [24, 25] . For each sample, 20 g of the green coffee bean samples were ground and screened through 300 μm sieve to get a uniform mixture and stored at room temperature. An accurately weighed amount (1 g) of coffee sample was added to 100 mL of distilled water. The mixture was stirred for one hour and heated gently up to 70 o C to extract caffeine easily from the sample into the solution. The solution was filtered with Whatman filter paper to get a clear solution. Then the filtrate was stored in the fridge for liquid-liquid extraction.
Liquid-liquid extraction of caffeine for UV-Vis analysis
The extraction of caffeine from the aqueous solution in to dichloromethane was carried out by the reported method [24, 25] . The aqueous coffee extract was mixed with 25 mL dichloromethane for the extraction of caffeine from water extract. The solution was stirred for about 10 min and caffeine was extracted from the aqueous solution in to dichloromethane using 250 mL separatory funnel. The extraction of caffeine was performed three times (25 mL each) with a total volume of 75 mL dichloromethane. The contents of caffeine in the 4 th extract were found negligible. The extracted caffeine was stored in a volumetric flask for quantitative determination of caffeine using UV-Vis spectrophotometer. The total content of caffeine in coffee samples was determined from the spectrum of combined extracts. The efficiency of dichloromethane to extract caffeine from coffee beans is 98−99% [24] because caffeine is more soluble in dichloromethane (140 mg·mL -1 ) than it is in water (22 mg·mL -1 ) [25] .
Preparation of standard solution for HPLC analysis
Caffeine stock solution (100 mg/L) was prepared by dissolving 5.00 mg of pure caffeine in 50 mL boiling distilled water. Working standards of 1, 10, 30, 60 and 100 mg/L caffeine were prepared in 10 mL volumetric flasks by serial dilution with the boiling distilled water.
Extraction of caffeine for HPLC analysis
Alkaloids were extracted from the green coffee powders by using the procedure described by [8] . Briefly, a 0.200 g portion of each green coffee bean sample powder, weighed directly into a centrifuge tube, was extracted with 5.00 mL of boiling distilled water by shaking for 30 min on a shaker at 200 rpm. The mixture was centrifuged for 5 min at 3600 rpm, where after the supernatant was decanted carefully into a second centrifuge tube. The residue was returned to the tube and extracted for a second time with 5.00 mL of boiling water. After combination of the supernatants, the volume was adjusted to 10.0 mL. A 1.50 mL portion of the extract was treated with 30 μL of 20% (w/v) aqueous lead acetate solution to precipitate out polysaccharides, proteins and other colloidal material from the extract solution [8] . After centrifuging the mixture for 5 min the supernatant was filtered directly into a chromatographic vial through a 0.45-μm syringe filter for chromatographic analysis.
Determination of caffeine by HPLC
HPLC system, coupled to a diode array detector (DAD), was used to determine the alkaloids in the green coffee extracts. After introduction of the sample (5 μL), separation was achieved on a reversed phase C8 column (Supelco, 15 cm × 4.6 mm, 5 μm, USA) maintained at 25 o C in a column thermostat. The analysis was carried out under isocratic conditions using 90% deionized water (acidified as 0.1% aqueous formic acid) and 10% acetonitrile at a flow rate of 0.3 mL min −1 . The mobile phase was allowed to flow for 3 min between each analysis to wash and recondition the column. Chromatographic data for caffeine were collected at 280 nm. In addition, the DAD was set to collect UV-Vis spectral data in the wavelength range 200-400 nm. Peak identification was performed by comparing the retention times and the UV-Vis spectral profiles of analytes to those of pure standards. Quantitative determination of caffeine was done after constructing calibration curves from the chromatographic peak areas obtained after analysis of standard solutions of caffeine. A calibration curve was obtained using five different concentrations of caffeine in the range of 1-100 mg/L for the determination of the caffeine content of coffee extracts. The equation of the calibration curve was obtained from the resulting peak area versus concentration. The caffeine levels of the samples were calculated from the regression equation of the standards y = 5.0323x -1.2166, R 2 = 0.9997 where y is peak area of caffeine at 280 nm, x is concentration of caffeine and R is the linear regression coefficient. All samples were analyzed in triplicate from three separate extracts, and each of the triplicate samples was also analyzed by HPLC.
RESULTS AND DISCUSSION
Determination of caffeine content of green coffee beans by UV-Vis spectrophotometry
A UV-Vis spectrophotometric method cannot be used directly for the determination of caffeine in green coffee beans owing to the matrix effect of UV-Vis absorbing substances in the sample matrix. This effect is also clearly seen in the spectral bands of caffeine in green coffee beans extract in distilled water. Hence, it is not suitable to determine the percentage of caffeine in green coffee beans due to overlapping of these interfering bands [25] . In order to overcome this difficulty caffeine in the green coffee beans was extracted from the aqueous solution using dichloromethane. Dichloromethane is the most commonly employed solvent for extraction of caffeine from green coffee beans [4] . After extraction, the absorbance of the solution was measured using UV-Vis spectrophotometer. The caffeine levels of the samples were calculated by using Beer-Lambert's law. UV-Vis spectrum of standard caffeine in dichloromethane and representative UV-Vis spectra of caffeine extracted in to dichloromethane from the aqueous extract of green coffee beans from coffee plant grown at a high altitude (Wolaita Kocho, 2950 masl) and at a low altitude (Kefa Zone Bonga, 1598 masl) are shown in Figure 1 .
The data on caffeine contents of 45 green coffee beans samples obtained by UV-Vis spectrophotometry are presented in Table 1 . The caffeine content in all the green coffee beans samples was observed in the range 0.6−1.2% (w/w). There was a significant difference (p < 0.05) in caffeine contents among all the green coffee beans samples. This indicated that the caffeine content of green coffee beans obtained from the plants growing at different altitudes of geographical location is significantly different. In support to this study different value of caffeine contents in green coffee beans have been reported by the previous researchers [6, 8, [24] [25] [26] [27] . For example, an average value of 1.10% (w/w) by HPLC methods for 42 Ethiopian coffee samples [6] , and in the range 0.96−1.23% (w/w) for Arabic green coffee beans [27] were reported for their caffeine contents. There are more reports that describe the average value of caffeine to be less than 1.5% (w/w) for Arabica coffee [4] . Moreover, the caffeine content in Ethiopian Arabica coffee grown in Bench Maji, Gediyo Yirgachefe, Tepi, and Godere has been determined by UV-Vis spectrophotometry to be 1.1, 1.01, 1.07, and 1.19% (w/w), respectively and fifteen coffee bean samples from Ethiopian Hararghe in the range of 0.6−0.9% (w/w) [25] . Therefore, these values are in reasonable degree of agreement with the findings of the present work.
In summary, all the coffee samples have the caffeine level in the range of the caffeine contents of different Arabica coffee reported previously [6, 8, [24] [25] [26] [27] ]. The variation in caffeine level of green coffee beans samples may be due to geographical origins which might have different altitude, soil type, rain fall and other agricultural as well as environmental conditions. Figure 1 . UV-Vis spectra of caffeine extracted in to dichloromethane from the aqueous extract of green beans from the coffee plant from (1) Wolaita Kocho (entry 2, Table 1 ) grown at high altitude (2950 masl, caffeine content 0.68±0.01 % w/w), (2) Kefa Zone Bonga (entry 45, Table 1 ) grown at low altitude (1598 masl, caffeine content 1.16±0.02 % w/w) and (3) standard caffeine dissolved in dichloromethane (35 mg/L).
Correlation between caffeine contents of green coffee beans and the altitudes of the coffee plants
In this research a significant variations in the concentration of caffeine in the green coffee bean samples were observed depending on the level of altitudes at which the coffee plants grew. A correlation was established between caffeine contents of green coffee beans and the altitudes of the coffee plants. The plot of caffeine contents and the altitude at which the coffee plants were grown is shown in Figure 2 . A moderate negative correlation (R = 0.5463) was found between the caffeine contents in green coffee beans and the altitudes at which the coffee plants were grown. This result clearly indicates that the caffeine contents are lower in the green coffee beans obtained from the plant grown at higher altitudes while the caffeine contents are higher in the green coffee beans obtained from the plant grown at lower altitudes. This is the first study directly correlating the caffeine contents and the altitudes of coffee plants in Ethiopia. 
Determination of caffeine in green coffee beans by HPLC method
The aqueous extracts of the green coffee beans samples were analyzed to determine the concentrations of caffeine. Analysis of a standard mixture (100 µL each) of the four HPLC provided well separated peaks within 7 min (Figure 3 ). Mehari method for the separation of trigonelline, theobromine, theophylline and caffeine within 7 min. Theophylline was not detected in any of the green co study. Mehari et al. [8] reported that theophylline was not present in green Arabica coffee beans from Africa, Asia and America. However, trigonelline, theobromine and caffeine were detected in the green coffee beans samples. A representative HPLC chromatogram of caffeine from coffee plant from a high altitude and from a low altitude is shown in Figure 4 . Figure 4 shows HPLC chromatogram of caffeine from coffee plant from (1) Wolaita Kocho (entry 2, Table 1 ) grown at high altitude (2950 masl, caffeine content 0.68±0.01% w/w) and (2) Kefa Zone Bonga (entry 45, Table 1 ) grown at low altitude (1598 masl, caffeine content 1.16±0.02% w/w). The concentration (% w/w) of the caffeine determined in the green coffee beans is Table 2 . Samples were analyzed in triplicates from three separate extracts, and each individual triplicate sample was analyzed by HPLC. In the present study, the caffeine level recorded in the coffee bean samples 0.60 to 1.2% (w/w) were in line wi of 0.6 to 1.5% in Arabica coffee [6, 8, 24, 25] .
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Determination of caffeine in green coffee beans by HPLC method
The aqueous extracts of the green coffee beans samples were analyzed to determine the concentrations of caffeine. Analysis of a standard mixture (100 µL each) of the four alkaloids by HPLC provided well separated peaks within 7 min (Figure 3) . Mehari et al. [8] reported a HPLC method for the separation of trigonelline, theobromine, theophylline and caffeine within 7 min. Theophylline was not detected in any of the green coffee bean samples analyzed in the present [8] reported that theophylline was not present in green Arabica coffee beans from Africa, Asia and America. However, trigonelline, theobromine and caffeine were detected ns samples. A representative HPLC chromatogram of caffeine from coffee plant from a high altitude and from a low altitude is shown in Figure 4 . Figure 4 shows HPLC chromatogram of caffeine from coffee plant from (1) Wolaita Kocho (entry 2, Table 1) t high altitude (2950 masl, caffeine content 0.68±0.01% w/w) and (2) Kefa Zone Bonga (entry 45, Table 1 ) grown at low altitude (1598 masl, caffeine content 1.16±0.02% w/w).
The concentration (% w/w) of the caffeine determined in the green coffee beans is given in Table 2 . Samples were analyzed in triplicates from three separate extracts, and each individual triplicate sample was analyzed by HPLC. In the present study, the caffeine level recorded in the coffee bean samples 0.60 to 1.2% (w/w) were in line with the previously reported caffeine levels of 0.6 to 1.5% in Arabica coffee [6, 8, 24, 25] . the coffee
The aqueous extracts of the green coffee beans samples were analyzed to determine the alkaloids by [8] reported a HPLC method for the separation of trigonelline, theobromine, theophylline and caffeine within 7 min. ffee bean samples analyzed in the present [8] reported that theophylline was not present in green Arabica coffee beans from Africa, Asia and America. However, trigonelline, theobromine and caffeine were detected ns samples. A representative HPLC chromatogram of caffeine from coffee plant from a high altitude and from a low altitude is shown in Figure 4 . Figure 4 shows HPLC chromatogram of caffeine from coffee plant from (1) Wolaita Kocho (entry 2, Table 1) t high altitude (2950 masl, caffeine content 0.68±0.01% w/w) and (2) Kefa Zone Bonga given in Table 2 . Samples were analyzed in triplicates from three separate extracts, and each individual triplicate sample was analyzed by HPLC. In the present study, the caffeine level recorded in the th the previously reported caffeine levels Figure 3 . HPLC chromatogram of a mixture of standard solutions of the four alkaloids present in the green coffee beans. A mixture of the four alkaloids (100 µL each) was injected to the HPLC system, coupled to a diode array detector (DAD). Separation was achieved on a reversed phase C8 column (Supelco, 15 cm × 4.6 mm, 5 μm, USA) maintained at 25 o C in a column thermostat. The analysis was carried out under isocratic conditions using 90% deionized water (acidified as 0.1% aqueous formic acid) and 10% acetonitrile at a flow rate of 0.3 mL min −1 . Figure 4 . HPLC chromatograms of aqueous extract of caffeine from green beans from the coffee plant from (1) Wolaita Kocho (entry 2, Table 1 ) grown at high altitude (2950 masl, caffeine content 0.68±0.01% w/w) and (2) Kefa Zone Bonga (entry 45, Table 1 ) grown at low altitude (1598 masl, caffeine content 1.16±0.02% w/w). A 5 μL aqueous extract of caffeine from green coffee beans was injected to the HPLC system, coupled to a diode array detector (DAD). Other conditions are the same as given in Figure 3 . 
Comparison of caffeine contents in green coffee beans obtained by UV-Vis and HPLC methods
In this study two different procedures were used for the extraction of caffeine from the green coffee beans because the extraction procedures reported for the UV-Vis spectrophotometric method [24, 25] is slightly different from the HPLC method [8] . Basically the two procedures are not different as such, extraction in water at 70 o C for one hour for UV analysis and boiling water for 30 min for HPLC analysis. In both procedures the caffeine is extracted in to hot water at different temperature by stirring/shaking for different times. Because of the temperature difference the stirring/shaking time was different. At lower temperature (70 o C) the time was 60 min for the UV method and at higher temperature (boiling water, 100 o C) the time was shorter, 30 min. The caffeine contents of nine green coffee bean samples we determined by the two methods are not significantly different as shown by the paired t-test. Therefore we can conclude that the caffeine extraction efficiency of the two methods is not significantly different. Furthermore, it should also be noted that the aqueous extract of caffeine from the green coffee beans for the HPLC method was further treated with aqueous lead acetate solution to precipitate out polysaccharides, proteins and other colloidal material from the extract solution [8] . This treatment was done to avoid contamination of chromatographic column. No such treatment was required for the UV method. The caffeine in the aqueous extract of the green coffee beans was selectively extracted in to dichloromethane for the UV-Vis measurements. The sample preparation for UV-Vis method involves the use of organic solvent (dichloromethane) while lead acetate is used in sample preparation for the HPLC method. Therefore, both the methods are non-green to some extent. In contrast to this the UV-Vis method is much faster than the HPLC method.
The caffeine level obtained by UV-Vis spectrophotometric method was compared with those obtained by HPLC method ( Table 2 ). The caffeine contents were found in the range of 0.62−1.2% (w/w) by UV-Vis and 0.60−1.1% (w/w) by HPLC methods. Statistical analysis (paired t-test at 0.05 level) was applied to the data obtained by the two methods which indicated that there is no significant differences in the caffeine contents obtained by the two methods. Similarly Gopinandhan et al. [5] determined caffeine content in eight green coffee bean samples by UV-Vis spectrophotometric method and compared it with HPLC method. They concluded that there was no significant difference between the mean caffeine values obtained by the two methods. On the contrary, Wanyika et al. [23] compared caffeine level in a variety of beverages collected from Kenyan market including coffee drink and reported that spectrophotometric method yielded higher caffeine value than HPLC method. However, the amount of caffeine that enters the human system through drinking of coffee beverages would better be determined by the HPLC method since the said beverages are prepared using pure water as the solvent. Results from the present method are in good agreement with those obtained by previously reported studies (Table 3) . 
CONCLUSION
UV-Vis spectrophotometry and HPLC methods were successfully applied for the determination of the caffeine content in green coffee beans extracted by dichloromethane and by hot distilled water, respectively. In this study, significant variations in the concentrations of caffeine in the green coffee bean samples were observed depending on the altitudes at which the coffee plant grows. A moderate negative correlation (R = 0.5463) was found between the caffeine contents in green coffee beans and the altitudes at which the coffee plants were grown. Among the 45 coffee varieties from Southwest Ethiopia, Malokoza Tata Mabterai Bet, Malokoza Masharo Kundilo sample b and Wolaita Kocho can be considered as low in caffeine; these samples were obtained from the coffee plant grown at high altitudes of Southwest Ethiopia. On the other hand the coffee varieties grown at high altitudes in Asendabo, Silite Kefa and Kefa Zone Bonga have high caffeine content. The concentration of caffeine in the green coffee beans was ranged from 0.60 to 1.2% (w/w) with no significantly difference between the two methods used for determination of caffeine contents of nine samples. The amount of caffeine available to humans through drinking of coffee is prepared by hot water as the extracting medium. The HPLC method followed in the present study uses hot water for the extraction of caffeine from the green coffee bean samples versus the use of dichloromethane solvent in case of UV-Vis spectrophotometric method. Considering the above points, the HPLC method is precise, accurate and reliable in determining caffeine content in green coffee bean samples while the UV-Vis spectrophotometry is simple, rapid, precise and more economical.
